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RESEARCH MEMORANDUM

EFFECT OF AREA-SUCTION-TYPE BOUNDARY-LAYER CONTROL
ON THE LANDING-APPRCACH CHARACTERISTICS OF
A 350 SWEPT-WING FIGHTER

By George E. Cooper and Robert C. Innis
SUMMARY

This report presents regults of evaluation flights of F-86 series
aircraft equipped with two types of boundary-layer control differing
significantly with regard to the type of 1ift increment produced. In
one case, application of boundary-leyer control to the wing leading edge
increased maximum 11ft coefficient Clgax slenificantly by delaying stall
to higher angles, but provided no change in 1ift at a given attitude. In
contrast, application of boundary-layer control to the trailing-edge flaps
increased the flap 1lift increment at attitudes below Crpgys but resulted
in only a smell increase in Clmax-

The repart presents the comments of 16 Air Force, Navy, contractor,
end NACA pilots as to the reasons for theilr choice of minimum, comfort-
able approach speed on the several configurstions tested. These pilots!
opinions are snalyzed in relation to the characteristics of the airplanes
in an attempt to isolate the aerodynamic factors of primary imporiance in
establishing landing-gpproach speeds.

INTRODUCTICK

Application of boundary-layer control to airplanes has indicated
that two types of 1ift increment msy be obtained. As Indicated in ref-
erence 1, application of boundary-layer control to the leading edge of
a swept wing Increased Cr,.., significantly by delaying stall to higher’
angles, but provided@ no change in the 1ift at a given attitude. In
contrast, application of boundary-layer control to the trailing-edge
flaps of the pame wing incressed the flap lift inerement at attitudes
below Crpgxs but resulted in only a relatively small increase in Cr....

(See ref. 2.)

FITIN A
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In order to obtain some flight experlence with these two types of
boundary-layer conirol, two F-86 airplanes were modified. - One airplane
(an F-86F) was equipped with porous suction boundary-layer control along
the wing leading edge. The other airplane (an F-86A-5) was equipped with
trailing-edge flaps having porous; suction boundsry-layer control near the
flap leading edge. Evaluation flights on these ailrplanes were flown by.
16 Air Force, Navy, contractor, and NACA pilots, and the effects of these
applications of boundary-layer control on the flight characteristics of
these girplanes were determined. The spetific results dealing with lift
increments obtained, flow requirements, and installation details have
been reported in references 3 and 4. It is the. purpose of this report
to examine the relationship between the pilots' opinions of the several
configurations flown and their choice of minimum, comfortable landing-
approach speed, '

NOTATION "... . .. ... _.

Ax longitudinal acceleration
Ag normal scceleration. .. . .._. .. ... ___. _

B.L.C. “Tpoundary-layer control . e il - _

c wing chord T e
Cp drag coefficient . - P . -
Cr, 112t coefficlent .. - e e e —

Clamax maximum 1ift cgeffigient

¢.L.E. cambered leading edge

D drag
Fa gross thrust _
FR rem drag

I.A.S. 7pilots' Indicated alrspeed as read from cockpit indicator, knots

Q ol

1ift-to-drag ratio...
dynamic pressure
VA calibrated apgroach airspeed,nknqtg
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Vg = calibrated stalling airspeed, knots

vCLmax calibrated airspeed, corresponding to maximum 1ift coefficient,
‘knots

(g) wing loading for approach condition (1000 1b of fuel remaining)

2 . :

o angle of attack of fuselage reference line

DESCRIPTION OF TEST AIRPLANES

Three slightly different models of the F-86 airplane were used in
this program. The first, a standard F-86A-1, shown in figure 1, was
equipped with leading-edge slats and 38° slotted flaps, and was flown by
most of the evaluating pilots to provide & basis for more direct compar-
ison between the standard airplane and those equipped with boundary-
layer control. Unfortunstely, this model hed several undesirable features
that were not representative of the standard F-86A-5 and later versions.
These included: a different leading-edge slat which provided a greater
CLm but really d4id not provide a corresponding decrease in usable
stai{ing speed because of an undesireble pltch-up preceding the stall;

8 pilot's airgspeed indicztor which was unreliable below approximately
102 knots; and excessive friction in the longitudinal control system.

The second airplane was an F-86A-5 model, a photograph of which is
included as figure 2. Suctlion for the flap boundary-layer control was
obtained from a simple ejector pump (mounted below the fuselage) utilizing
alr bled from the twelfith stage of the Jet-engine compressor. Suction
was controlled by & switch in the cockpilt which actueted a shutoff wvalve
in the bleed line. This airplane was very similar to the first in that
both were equipped with power-boosted allerons and elevator controls, but
differed in that the flap deflection was increased to 55° and porous ares
suction was applied nesr the flap leading edge. In sddition, the leading-
edge slats were replaced by cambered leading edges (refs. 5 and 6)
equipped with 0.20c¢ wrap-around fencea {0.05c helght) at the 63-percent
span location. This combination gave approximately the same stall speed
as the normal alrplane with slats and 38° flaps.

Upon completion of the evaluation of the second airplane, improved
flap 1ift characteristics were obtalned by refairing the flap-fuselage
Junction and changing to a porous material having graded porosity. In
addition, a diffuser was added to the ejector pump which increased the
speed range over which Pull flap Lift increment was realized for a 64°
flap deflection. This configuration may be seen in figure 3. Several
wing flap snd wing leading-edge combinationg were investligated after
these changes were made. These included the 55° flep with the wing



in : Jassian NACA RM A55K14

leading edge cambered and no fence, 550 flap with the wing leading-edge
slat, 64° flap with the wing leading edge cambered plus a fence, and
64° flap with the wing leading-edge slat. _

The third sirplane, shown in figure 4, was an F-86F model on which
the leading-edge slats were replaced by leading edges of the same profile
contailning a porous strip extending over essentially the complete span
and through which the boundary-lsyer air was drawn. Suction for the
leading-edge boundary-layer control was obteined from a modified turbo-
supercharger mounted beneath the fuselage and driven by air bled from
the twelfth stage of the Jet-engine compressor. Besides a switch for
actuating a shutoff valve in the suction line, the cockpit controls
included buttons on the control stick to incresse and decrease rpm, which
modulated the bleed alr to the turbo and hence controlled the turbo rpm
and amount of suction. A more complete description of thls porous area-
suction installation may be found in reference 3. In contrast to the
F-86A model, this airplane (F-86F) incorporated irreversible power-
operated ailerons and linked elevator and stabilizer (flying tail), each
with artificial feel. The major effect of these two different control
systems was that, with the latter one, the maneuvering control forces
were considerably higher in the landing-approach speed range than with
either of the F-86A airplanes. With the artificial-feel system, positive
longitudinal stick-free stability was present throughout the approach,
wvhereas on both F-86A airplanes the stick-free stability was essentlally
neutral at approaclk speeds.

TEST PROCEDURE

The 1nitisl phase of the investigation was flown by a_total of 16
Air Force, Navy, contractor, and NACA pilots. Each pliot flew at least
one £light in each of the alrplanes with boundary-layer control, and
several pllots made two or three flights per alrplane. Most of the pllois
also flew one flight in the standard F-86A-1 equipped with 38° flaps and
leading-edge slats. FEach pilot was requested to furnish the following
information on each different configuration flown: stall speed, stall
characteristics and opinion of stall, the minimum comfortable approach
speed at lending welght,' and the primary reasons for choosing that par-.
ticuler approach speed. (These data are summarized in table I for each
pilot.) The Navy snd NACA pilots made their evaluation based on the
requirements for a carrier approach and landing. For this purpose, field
carrier lendings were made with most of the configurations at Crows Land-
ing Auxilisry Landing Field with the aid of a Navy Landing Signal Officer.
The Alr Force pilots, in general, made "360° overhead, partial power, :
sinking-type spproaches, which started at approximately l,OOO feet alti-
tude over the touchdown point.

‘Landing weight as used herein is defined as tﬁe gross_weight with

1000 pounds of fuel remaining.

NSRRI
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While the carrier type of approach may be defined by a single
approach speed, it was noted that with the sinking approach at least
three different. speeds at different points in the pattern were considered
necessary by most pilots to define adequately any glven approach. These
are: +the sgpeed when turning onto final approach, the speed "over the
fence" (which generally coincides with the point at which the pilot begins
his round out), and the touchdown speed. For reasons of silmplicity and
comparison in those cases where three speeds were given, only the over-
the-fence speed has been used as it was found to be more similsr to the
carrier-approach speed.

A later phase of the investigatlon comprised fleld carrier landing-
evaluation flights of the suction-flap airplane with the improvements
(fig. 3) and several leading-edge combinations. This phase of the eval-
uation was conducted by the four NACA research pilote who also took psart
in the initisl evaluation.

It is noted in table I that most pllots tended to report approach
speeds to the nearest 5 knots or in ranges of airspeed such as 105 to 108
knots. This fact probably arises from pilot reluctance to rely on_the
sirspeed indicator closer than 2 to 3 knots, as well ag the feeling that
the approach speeds given wWere average values because of the varilation in
wing loading, which normally changed about 10 percent during the course
of an evaluation flight.

In the calculation of the measured stalling speeds and thrust-
required curves, the value of wing losding used for each airplane was
that corresponding to 1000 pounds of fuel remalning. This is given
below for each teat airplane.

Standard airplane 42.3 1b/sq £t
Suction flap airplane 42,6 1b/sq £t
Suction leading edge airplane bk 7 1b/sq £t
The value of gross weight for h m of the pilots reported
stalli 8 Iknown. This factor undoubtedly

contributed to the scatter in the reported stallling speeds, as well as

to the differences between reported stalling speeds snd the measured
values based on CLmax' For the standsrd airplane, this discrepancy 1s
further aggravated by an unrelisble but large error 1n indicated airspeed
below about 102 knots. Consequently, the measured value or scall speed
has been used for all compasrative purposes.

An airspeed calibration was obtained in flight for all three air-
planes covering their approach speed ranges to allow correlation between
pilot-reported speeds on the different airplanes as well as to allow
proper correlation between speeds reported by the pilot and the various
measured guantities.
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Recorded alrspeed for all three test alrplanes was obtained using
an identical system. This consisted of an NACA swiveling piltot static
head mounted on the tip of a 96-inch nosée boom and may be seen in
figures 2 and 3. Also visible in these figures is the offset located
near the tip of the nose boom which contalned a flow-angle vane for meas-
_uring angle of attack. TFor pilot-opinion Tlights Fhe standard pilots'

“airspeed IMAaiTator AYStem was used on both the standard F-86A-1 and the

F-86F equipped with leading-edge boundary-layer control. These systems
comprigsed, for the standard F-86A-1, a total-pressure source located in
the engine duct arnd a static-pressure source on the side of the fuselage,
while for the F-86F, both total and static pressures were obtained from
e pltot static head located on the right wing-tip boom. For the suction
flap F-86A-5 airplane, the pilots' airspeed indicator wae connected
directly to the swiveling head which had been used for the recording
aystem.

Calibration of the standard F-86A-1 and the F-86F was obtalned by
comparing the pilots! indicated sirspeed with the recorded alrspeed.
Since on the F-86A-5 airplane, the same pitot-static source was used for
both the pilots' indicated. and recorded sirspeeds, only instrument error
would be expected. This was verified by pacing with the F-86F dowvn ta
95 knote indicated airspeed. A check of. the standard F-86A-1 wab slso
maede in this manner down to 105 knots. At speeds below gbout 102 knots,
this alrspeed system had a large error and wa% severely affected by small
pltch changes.

With the exception of table I, which glves pllot-reported stall and
approach speeds in terms of the pilots' indicated airspeed, all other
airspeed values are calibrated gpeeds and were obtained from pilots' indi-
cated speeds using the flight-determined. calibration curves of figure 5.

DATA REDUCTION = . _._ . _. . _.

The 11ft and drag dats were obtalned in steady flight at constant
values of engine rpm corresponding to approach power settlngs.

The equatlons used to determine the lift coefficilents and drag
coefficients are as followa:

Cr, = %% (Agcos o + Aysin o) = ég (Fgsin a)

W 1
Eg.(Azgin o - Agcos Q) +'E§ (Fgeos o - FR)

Q
o
0
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In the eguations above, the first portion is for the accelerations
on the airplene, while the second portion is for the thrust force acting
on the airplane and the force caused by turning the air at the inlets.
The gross thrust and engine air flow were determined from measurements
of the total pressure and temperature in the tail pipe of the jet engine.

Measured stalling speeds were determined using the measured values
of Cipex With a correction for thrust based on the thrust required at
the approach airspeed.

Thrust-required curves were determined at landing weight for esch
configuration by the following relationship:

Net thrust from the engine required for level flight = cog 3

RESULTS

Initial Investigatien

The effects of applying area suction to either the flap or the wing
leading edge, in terms of 1ift coefficlent and angle of attack, may be
geen in figure 6 for the airplanes flown in the initial investigation.
Also shown is the effect of increasing flap deflection from 38° on the
stendard airplane to 55° on the suction-flap airplane. This comparison
is of interest, but because of the undesirable festures that were pre-
viously pointed out as existing on the standard F-86A-1 airplane, it is
not considered as reliable zs those made between the various boundary-
layer control configurations. The 1ift coefficient corresponding to each
pilot's approach speed has been shown on these curves in order to indicate
the range of angles of attack being used. ’

The opinions of each of the 16 evaluation pilots, relating to the
stalling and landing-spproach characteristics, as indicated earlier, msy
be found in table I. The stall data have been condensed and compiled
into table II, while a compilation of the minimum comfortable approach
speeds (or over-the-fence speeds) chosen by each pilot is given in
table IIT. Comparative Pigures are listed showing the effects of suction
alone and of increased flap deflection, as well as comparisons with the
standard airplene. While considerable variation existed in the individual
rilot's choice of the minimum, comfortable approach speed, it is felt
that the decreases in approach speeds noted are valid.

The primary reason glven by each pilot for choosing his approach
gpeed is given in table IV for each configuration flown. Curves of thrust
required for level flight plotted against airspeed are presented in
Pigure 7 for those configurations flown in the initial investigation.
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The average epproach speed chosen by the pillotes 18 shown on these curves
t0 enable comparison with the minimum-thrust-required speed.

The relationship between approach speed and stalling speed for the
configurations flown_ln the initial phaese are presented below.

Va
Configuratlion T
Clmax
I Standard airplane 1.334

IT Suction-flap alrplane .
Suction off 1.2
Suction on 1.

IIT Suctlon leading-edge ajirplane
Suction off . 1.21
Suction on - o 71,29

Later Investigation

The 1ift versus angle-of-attack data for the additional suction-
flap configurations (IV through VIT) flown in the later investigation
are presented in figure 8. The pllot-opinion data For these configu-
rations are included in teble V. (Also included for comparison are the
data from the initial phase for the four pilots who flew all configu-
rations.) The ratios of approach speed to Btalling speed are shown in
this table for these pilots and all configurations flown.

The primary reason given by each of these pilots for limiting his
approach speed wag given in table IV, along with the reasons given in
the initial phase. Thrust-requlired versus alrspeed curves are presented
in figure 9 for the suctlion-flap alrplane wlth leadling-edge slats, and
with either a 55° plain flap or a 64O plein flap. The relationship
between pilot-approach speed and the speed for minimum thrust required
is shown 1in figure 10 for all configurations flown.

DISCUSSION

There 18 a wide variety of factors which may be considered by a
pillot as affecting his choice of minimum comfortable approach speed. It
is possible, and often the case, that several factors sre present for
one airplane, making selection of a single primary reason difficult
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because of complex interrelationships. An attempt has been made here,
however, to isolate those factors considered of primasry Importance by
the pilots.

Examingtion of table IV indicates that reasons assigned by the pillots
for limiting the approasch speed of the various airplsnes can be divided
into three categories, as follows:

A. Reasons associated wilth stall characteristiecs: It would be
expected that on airplanes limited by this characteristic the C:X:
most direct influence on the approach speed would result from

an increase in (g or improvements in the stalling charac-
teristics.

B. Reasons assoclated with attitude or vislbility limitations:
It would be expectied that on an airplane limited by thie charac-
teristic the most direct influence on approach speed would result
from an Increase in 1ift at attitudes below CLmax

C. Reasons assoclated with longltudinal control, that is, ability
to control sltitude or flight path: A number of factors influence
this characteristic. One expected to be of primary importance,
which was varied on the test airplanes, was the variation of L/D
with a. This varlation 1s most evident from the flight data by
the change in the shape of the curve of thrust required for

steady level flight versus speed (figs. 7 and 9).

It is of Interest to examlne the above listed anticipations in compar-
ison with the approach speed decrements realized from the two different
types of boundary-layer control.

The F-86F with boundary-layer control applied to the leading edge
falls definitely into Category A wilith suction off, since CLmax was

less than that of any of the configurations tested (fig. 6(b)) and

table IV shows that 13 of the 16 pilots who flew this airplsne limited
their approsch speed because of proximity to the stall or yaw. The
application of leading-edge boundary-layer control to the F-86F increased
C1 by 0.60, and the corregponding etall speed was reduced 22.2 knots.
As a result, only one pilot tended to consilder proximity to the stall a
limiting factor although 3 were influenced by poor stall characteristics.
The average reduction in approach speed was 20.2 knots, only slightly
less than the reductlon In Vg. From the pllois' comments it is apparent
that a new limiting factor was introduced, attitude or visibility (cate-
gory B), which prevented the full utilization of the Cr, _ increment.
Thus, although leading-edge boundary-layer control postponed the sngle

of attack for Cr___ by as much as 10°, only 5° of this increase was

actually used.
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Flight of this airplane with boundary-lasyer control operating also
revealed an undesirable characteristic which may be pertinent.in the use
of any type of boundary-layer control that requires maintenance of con-
giderable power for its operation. When making sinking-type approaches,
the pllots found it impossible to slow up below 115 knots without reducing
engine rpm below that required to maintain adequate boundary-layer control.
With the carrier-type approach, this was not s problem as approximately
80-percent rpm was required in this approach, and a significant increase
in Cryax Was available as shown in Pigure 6.

The F-86A with boundary-layer-control flaps does not present as
clear~cut a case as does the F-86F. The 16 pilots who flew this airplane
were almoat evenly divided in thelr reasons for limiting approach speed
with boundary-layer control inoperative: 7 considered praximity to the
stall (Category A) the limiting factor; 5 considered visibility and atti-
tude (Category B) the limiting factor; ang 6 considered the longitudinal
control (Category C) the limiting factor.-

On the basis of the results presented in Ffigure 6(a) it would be
expected that application of boundary-layer control to the flap would
tend to be relleving with respect to attltude end vislblility rather than
stall speed (a AVg of only 1 knot). The pilots' comments are conslstent
with these changes in that, with boundary—layer control operating, only
two considered the attitude or visibility the limiting factor. The aver-
age decrease in the approach speed was 5.9 knots. Closer examination of
this average, however, reveals that the pilots who previously considered
Category B or C the_limiting Pactor benefited most fram the operation of
boundary-layer control to the extent of & T7.9-knot decrease. The pilots
who previously had considered proximity to the stall the limiting factor
benefited the least to the extent of 3.0 knots. Thus, desplite the lack
of any dominent limiting factor an thls airplane, there is a consistent
relationshlip between the effect of aerocdynsmic change and the factors
which the Individual pilot considered limiting on cholce of approach
speed.

The aerodynamic factors which influence the ease with which the attl-
tude or flight path of the airplane can be. controlled are more complex
than the Category A and B limitations. However, on all but one of the
configurations tested, the average minimum approsasch speed chosen bears
s consistent relationshlip to the speed for minimum thrust (fige. 7, 9,
and 10). For all cases except that with leading- edge boundary-layer
control on (fig. 7(®b)), the minimum approach speed lies slightly above
the gpeed for minimum thrust required. In this one case, however, the
flatness of the curve in this region makes the minimum-thrust point much
less clearly defined. Thils relationship possibly reflectes the pilots!
reluctance to fly on the "back side" (below speed for minimum thrust) of
the thrust-required versus speed curve. It can .be reasoned that, at
speeds below this minimum-thrust point, the ability to flare or srrest
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sink rates deteriorates below the minimum scceptable to the pilot and
tends to result In his setting his approach speed accordingly. This sur-
mise 1s not explicitly borne out by the pilots' comments, but it will be
observed from table V that the decreases in aversge approach speed due to
boundary-layer control on the flsp are related very closely to the cor-
responding decreases in speed for minimm thrust required. It is note-
worthy that the research pilots (K, L, M, and N) who had the most
opportunity to fly the test airplenes, were conaistent in noting Cate-
gory C as the primary 1imiting factor establishing the approach speeds

on all the Plap boundary-layer-control configurations. Category C is
also consldered as the limiting factor for the standard F-86A-1 by 7 out
of 12 pilots.

Of the additional conflgurations flown having flap boundary-layer
control (see table V), it 1s of interest to note that configuration IV,
(C.L.E. no fence) had sn unsatisfactory roll-off at the stall but fell
in Category C rather than Category A. Configuration V, having excellent
stall characteristics, was also limited by Category C end was generally
conglidered the most desirable configuration £filown, although it did not
result in any appreclsble decrease in approach speed over configuration IV.
A s8lightly greater decrease in approach speed resulted from lncressing
the flap defiection to 6h°, but the Increased drag resulted In less
degirable wave-off characteristics.

CONCLUDING REMARKS

. Eveluation flights by 16 pilots of an F-86F airplane equipped with
an area-suction leading edge and an F-86A-5 equipped with an area-suction
flap indicated significant reductions in the minimum comfortable landing-
epproach speed were possible wlth addition of boundary-layer control.
Leading-edge boundary-layer control wae mogt effective in providing &
large reduction in both stalling speed and approach speed together with
an increased margin of 1ift for flare and maneuvering during the approach.
Further reduction in approach speed was limited primarily by visiblility
and attitude considerations. While flap boundary-layer control reduced
the stall speed only slightly, 1t reduced. the alrplane attitude reguired
to obtain a given 1ift and therefore affected reduction in approach speeai-
Tor those pilots giving vielbility and attitude or longitudinal control
as the limiting factor. Although each boundary-layer-control application
resulted in a favorable change in the shape of the thrust-required versus
speed curve (a reduction in speed for minimm thrust required), the
suction-flap case was most indicative of a close relatlionship bhetween the
limitation of longitudinal control (or ability to control altitude or
flight path), the pilot's minimum approach speed, and the speed for
minimum thrust reguired. The pllots' reluctance to fly below the speed
for minimum thrust therefore appears associated with the logs in longi-
tudinal control and ability to control altitude or £light path.
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Additional research on a variety of aircraft should be carried cut in
order to relate the primary limitation on spproach speed established by
the pllot to aerodynamic characteristics of each airplane.

Ames Aeronsuticel ILaboratory
Natlional Advisory Committee for Aeronautics
Moffett Field, Calif., Nov. 1k, 1955
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TABLE I.- PILOTS' COMMENTS RELATING TO STALL AND AFPROACH CHARACTERISTICS

(a) Configuration 1:

Standsrd F-86A-1; 38C flap; slats

Suction {8tall speed Approach ppeed
Fllet fp1.c. I.A.s.,pemoia Stell cheracterlstics LAS., xaqte Prinary reascns for choceing spprosch spesd
A - 9B-100 Warning: Tdghtaning off stick forces, 115 Visibility 1s limiting factor. Have good cantrol down
Stall: Batisfactory. Nild pitche-up to 103, but attitude hest at 113-120, At ebout 100 mmoh
and roll-off. larger stlck movement is necessary for control.
Approach gpeed dependedt upon guatiness.

B - 1] Werning; Merginally setlefectory. 15 115 chossn to give adaquate spead above stall (in this
Force lightening at 105-10R end case 107 whara farce lightening occurrsd), L.B.0.
pitch-up st 108, No asrodynamic (Landing Bignal Officer) would add 1% to stall fer
varning., spproach spaed. Pilot chooses a windmm of 10, Alr-

ftall: Aatisfactory, Mild uffat, plana flyable at eny spesd ebove stall. Elsvatar
laft roll-off, easy to control. control good at 110. At 110-113 viefvility 1is &
Allerons wore effective thaen problen tut would not be Iif sast could be raised. Con-
elavator at stell. aidarabla floating experienced at 115,

“E - 108 Warning: Nonw. 1130 on Tinel  [Forward viaibility.

Btell: Blight pitehe-up; left wing 120 ovar Tanoe

d=op, Inoipiant Fpin.
r - =101 Warnlng: Insufficient, L3 Boor lateral control end normal margin for fiare cut,

8tall: pPatiafactory, Modsrate Better lateral control and foal an susticon flap air-

pltch~up and roll-off. plene. Worsa sink rats than suction flap airplana
auotion cn.

G - Q0 Warning: Light buffet 110, Yews laft]130 an finel Pattern falt comfortable by touching down at 110 with
at 103 but controllmbls. 120 ovar fanoa [(no buffet or yaw.

Btall: Vary good. Slow laft wing 110 toushdown
drcp.

0 - 100 [Werning; Guod, ILight tuffst and 30 Tinited Gy vielbillity and Tecl of mirora?t. Lack of
pitch-up at 105. adeguate seat odjustment restricts vialbllity cver nose

Btall; KNo comments, * mora than oh suction-flap airplane. Lems mble to reck
aromd at 120 then suetion-flap airplsne.

T - 100 arping: Good, 3-b ebove gtall, ovar fance [Coefortable attitede, visibility. Not worrdied sbout

Stell: Good to excellemt. 115110 on hitting tailpipe.
‘tonehdown .

K - 100 Btall: Satisfactory. 120 Decrangs in ability to oonirol alfitude by longi

control mlons,

L - 100 Stall; Gatisfactory. Mild pitoh-up 120 Loss of langitudina) contyol. No etlak centaring from
and rall-off, trim at approach epeed,

M - 101-108" Btall: Uneatisfactory. Due to pitah- 115 osltive altitude ccntrol.

N - 101 ﬁ.n_s: Uneatisfectary. Very Llttied 115 o ocmment.

Btall; fatisfactory.
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TABLE I.- PILOTS' COMMENTS RELATTING TO STALI, AND APPROACH CHARACTERISTICS - Continued

(b)- Configurgtion IT:

F-86A-5; 55° spuction flap; C.L.E. plus fence

Phlot |oog o gﬁ_:"ﬁg“ Stall chararteriaties ‘I‘Tg'_":hk;g::& Privary resscns for choosing approach apeed
A ore 100 Warning: Weak Buffet. 115 Proximity to stall. Good comtrol 100 up., Good visi-
Stall: Very satiafectory. Mild bility 115-118, No noticesble difference between
On 100 pitching, very gentle. 115 suction on and off.
B off 100 Warning: Too clomse but adequate, 15 Limited by visibility at 110. Contrel is satisfactory
Stall: Mlld, satisfactory. right dowm to stall. Longitudina) control too senaitive
’ at approech speeds, More positive stick-free stability
ag on F-86F is more desirshle,
On 3598 Warning: Too close but adequate, Limited by nearness to stall. Vislbllity was not limitd
Stalls Mild, satisfactory. 108 ing at 110. Attitude 1s more depirable with suetion ca,
tut without lower stall speed, would not lover approach
gpeed.,
c oft 100 Stall: B8stiefactory. 125 Minimm poaitive control for guats or emergency.
on 95 Stall: Good 115 Has better cantrol and stability than with suctlcn ofT.
No visibility problem.
D ~Off 100 Warning: Bufieting, sLight wing rolld 180 baae HMequate speed above stall. Fesls comfortable at 110,
8tall: BSatiafactory. 120 aqver fonu# Satisfactory stall allows coming to within 10 of atall.
110 touch down
On 99 Wearning: Buffeting and slight wing 140 bvaze Mequate speed sbove stall. Decressed attitude allows
roll, 120 over fence Llower touchiown epeed. Visibility not a problem at base|
Stall: BSatisfactory. 105, touch dowrl and final approach speedg used but noticeably improved
on touchdown,
E off 233 Warning: High angle of attack, 155-130 on OptImm vis{bI1ity with more Than adequate airspeed.
ghaking and wallowing of airplane final Fo control difficulties.
at 102 (mare than suction on). 115-120 over
Btall: BSatisfactory, nose drops fence
On 97 Warning: None 115 an Tinal, Decrease in approsach speed dus to better visibility.
Stall: BSatisfactory. Consists of 10% over fence Kot limited otherwiss. FPosaibly could use 110 approach
wing drop which is eontrollable speed an finpl. Over fence apeed limited by fear of
Tut worse than suctico off. Incon- Adragging tail, '
sistent: wing drops or stalls '
straight aheal.
F off 92-97 Warning: Good (100-103). ~ 115 Limited by concern about ability to flare and the time
Stall: Satisfactory. Piteh-up spent in transitjon-power off.
followed by pitch-down.
Oon - 90-94 Warning: Inadequate, 110 Timited by iack of stall warning. Like increased visi-
Btall: Setlsfactory. bility with guction. Buction also reduces rate of gink,
Flared better thsn anticipated but may bave been influ-
enced by carrying more power than ususl. Flies hetter
%5-10 above stall than suction off.
G 1744 101 Warning: 0,K. Durble at 115, 130 on T1nal TLimited by gpeed above yaw aud stall. Sink rate higher
slight left yaw at 102. 120 over Tence than suction on.
Stall: Satisfectory. Blight left 110 toucbdewn
rol], tendency. '
On k) varning; Satisfactory, Light 120 on final Limited by apeed above stall. Speed on bage and final
tuffet at 10%. 115 over fanc4 vary comfortable 120 kts. due to incremsed pbility to
Btall: Satisfactory., Stralght 105 touchdown | twrn. Feels hetter suotion on, especially in Jet wash
ahead, (1.a., turbulence). Could tighten pattern suction o,
Decreass in attitude very significant, may influence
reduction in approach speed.

®i
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TARIE I.-~ PITOTS' COMMENTS RELATING TO STALL AND APPROACH CEARACTERISTICS - Continued
(b) Configuration II: F-B6A-5; 55° suction flap; C.L.E. plus fence - Concluded

otd, Stall speed Tpmroech specd
Pllot B.5.0, | I.A.B., knotd Btall charactaristios ITB., knota Primary reasons for chooming approach speed
i | o9 Warning: Sstisfmotery. ILight 115 Limited by Ty to stall. Added flap daflection
ffat, 559 over quite apparsnt, gava large improvement,
Ptall: Qatisfastory. more than that dus to effest of muotiom.
T T Warning: Idght to wodorata bDuffet) 0 Tinited by ganernl foel In sppromon. Decrease 1o sink
mora than muetion off, rats with suction on, A more sclid fael, especimlly in
ftalls Batiofactory. twwos. Docresss in attitude guite noticeabls. Not
Catortae St bl ot
T 0fF | 100-101 Tarcing; Good, Duffet J iess than | 123 (power [ . Not yorried about proximity to
ngrsal F-06. on approsch)| stall.
(i) 88| Werning: Good. Moilet 3 lesw than | L1N over Hpead sbown stall, AbLitude improved. Nansuvaring in
normal F-B6. 110 touchdown | spproach falt bettar,
& off 100 Warrning: Wing arop and bufiet £ or Attituds, fufficient mpeed sbove stall,
3 above stall,
oo i Wernlng: Bulficlent. RLgHt wing bl Teals corfortable, Proxmity to stall. With mora
and buffet, 2 or 3 sbove stall. _pover on yould be eomfortable at 110.
X (075 i Btall: PBatisfantery. 113 Decrease in abdlity to control eLLltude by loogltudinal
oontrol mlone. Visibllity.

o) ) Ciall: Batisfastary. 108 Decreass 16 AbillLy to control sititude by longltudinal
control alone, Visibility improved over mustion off tui
becomes contributing fmotor again at this lower '

T ¢;.5 N 1 Waroing:  Datisfactory. Duilet j=a % Toss of Jongitudinel control or am‘w—ma.—'E%@.
, bafors atall. control altituds,
ftall: GSatisfactory, Mild pitah-up, ’
straight shead. :
%0 Wemning: . BT &= I 1O8-107 Toes of Longitudinal control of Abillty to adaguataly
atall, GNI atmtrol altituda,
ftall; Satisfactory, W14 pltonm,
stralght ahead,
K| off 0507 1 . et 58. 155110 RELTIty to wtop sink ratae.
Btall; Batisfao .
tn -2 m: ginal, at §b, 100-105 AbITity to stop eink rata,
Btall: PAatisfeotory.
] off [t) Wearning: MWerglnel, Duffet at 106, 110-115 Maquate wargin above stall.
ftall: Good.
[ 2] Warping: Marginal, Duifet at 106, To-115 Mequate margin above mtall, Visibllity good suction
Btally Good. on, Pilot poted no differsnce in epproech gpesd suction
on or off bubt did note lmproved viaibility.
) off ) Warning; Wil4 sileron buffet 102. 155 oo bees ARTIity to 1
Btall: Gool exnept for mild pitch-up| 115 over 1‘nu1
100 ‘touchdown
On g2 Warning; Hild ailsron oudfet 95. 110 an bags Abllity to pll g.
8tall: Oood axcept for mild pitch- | 110 over I
up. 95 tomehlomm
F off 100 Satisfaotory 158 Proximity to stall,
i o Hatinfactary 10k Proxinity to etall.
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TABLE I.- PILOTS8' COMMENTS RELATING TCO STALL AND APPROACH CHARACTERISTICS - Continued

(¢) Configuration III:

F-86F; 38° flap; suction leading edge

Hostica] Boall apacd haracterd h wpeed 1uary Toasm approach speed
Pllet B.L.C. | T.A.8., knots Stall e stiocs A9, knots Pr s for ahoosing ach
A ;4 4 115 Werning: Tnsetisfectary. Very mild, 13% Uncontrolleble yaw at 124. Would pull nome over in
alight maring, wild pitebop, Yewr approach,
at 10% too fer abesd of stall to be
considerel] ay warning.
Etall: Satizfactory.
[~ 30 T comment, 163-158 Fose bigh attitude, Uprellsble stall. Cot suction off
Stall; Iaft roll snd pitch-down, at 90, sirplene fell oot end rolled, (Afrplene stalleq,)
unsatiategtory oo first flight but .
matimfastory on all cthers.
B ofF 100-118 | Warning: Ko ocument. T8 Bhould 1oL B8 T1oWD I8 approach Delow 130 becsuse of
Btall: Puffets and eludders at 115 aarly baffet and sbell sncomatered in toonmdng flight st
down to 106 befors becowing umeon- 130,
trollabls mnd fully stallsd. Usable
stall spesd is 115. No notioeabls
at 180-185.
0o 43 | Werning:  Wosa-oigh sttitmia. Foar 110 VialbIiiky 1a primary factor In Limliing wpprosad Epeed.
mextisfactory. 115 gives bettar visibility than 110 but latter is mar-
Stall: No ocmment. glnally alequatsa. Pilot noted that ove wing ptallad
firgt in tuming flight. Was not concerned about
passibtle loas of suotion. Could reverss turn at 100,
. Control good down to stall.
€ Ot 100 arming: Fair. Objectlonahle yaw, &5 | (Ko acbual spproacthes mads.)
tall: Satisfactory.
[~} 0| 1 angle OF attecs. 120 Fetter ocuiral and wtability,
Stall: Beidefactory.
1] [7+ 4 100=115 Varning: Beavy mffet st stall. LT {Eigher stall spasd apparantly determines approssh
: gtall; Acospiabla, 130 over fence| apesd.)
180 touchdovn
[ oh Yarndng: Rone. Vieibility was liniting for spproach and touqbdenm
Stall: Aooeptsble. 110 over fencel spacd. Pilot 1iked akdlity to pull more g's in
110 touehdosn | approach (1M0). Alwc 1iked decrosssd stall spesd.
4 ot 17 | ¥exnlng: Yawm at 120G, Mok too ot £inal qmte alrspesd above yav,
severs though. (Yaw too far abead |123 over fence
of atall to ba consldared as WAIT-
ing.) Buffst ocontirwes down to
wiell with pitehing and continued
Tuffat through the stall.
Brall: Satisfactory.
On ~oF | Varniog: Ko yav. 125 oo Tinnl | Limited Gy visibility to 135, Otbherwise oould have baen
Btall: BSatisfactory. Similsr w0 110 ovar fenee{ 115. Flight wes smooth right dovn to stall at 94, B
weticn off.
¥ [ orf | g Yaxw C155. Tocontroi- | LB-10 Shiectionabis yav at IBI-123.
1able if not locking for it, Worass
then norma) *-86F. Contimocus
lateral oselllation to pitch-up and
stall, at 108.
Btall; Unsatisfoctary dus to yww and
pltchb-up.
2] Warning: Naoe 110 Lixited Decsuse of cvoncern for dragging tall snd loosing
suction. Limitsd stall warning. Oood cantrol down to
stall.

9t
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(e) Configuration III:

TABLE I.- PILOTS' COMMENTS RELATING TO STALL AND APPROACH CHARACTERISTICS - Concluded
F-86F; 38° flap; suction leading edge - Concluded

o320 wpael Approach spoed
B.L.C. | 1.4.8., xoots Stall abarmcteriviicn I.A.B., Imots Frimary reasons Tor qhoosing sappromch ppeed
3 off T TSarning) Ocod. Yaw and beffet at 1h0 on luated By offst, general afrevelt Teal, sod yav,
. 130 ovar Tenos
i Btall: Bo comment 180 touchdom
[ T T Noom. on T1nel | 0ood asfe wppruach. WoulAn': slov down o 100 for Bouehd
Smll; No coment, 120 ovar Tenoe| down beamise of 1aok of mtall warming. Not pothared Ty
110 toughdous { Beding Delew suciion-off atall smpsad dus o Iov altitude.
witod svallahls in pattarn, .
¥ [ o 150 Warning: Yaw not novlaed. BZIWE #t |10 oo Hoal | .
10, wallove xt 110. 1820 ovar fanoe
Mall: Metiafactery, Partislly 110-115 “oush-
stalled st 180 to 110, down
[ W Sarningt  Very Light toilwt 108 o0 E N . . vou
minly in reldfer, 110 over fwnow| ba 0.K, if power cOulA be reduasd, Ko woRry abowt viel-
Stall) Aoosptable. Abwnph rellealf, (110 touahiosn | bility down to 100. Mo worry sbout visibiliky below
over-renas speed, Not hotharad by matlon-aff stall
;::.. Appreciatsd slditiawl g svailable in spproagh
T off TI6-11% mmg:m:fmmmu. T35 | Froxedty to stall,
Btajl; -
[ T8 Saming; Littlia. ] Tatr of slnk inoreaxing P10 PoOwT required to bold
Btally Bealihy laft roll. layal flight., Laok of stall woming, Mg Aiffarence
in at 1low motion on amd off,
i i1 TIk-181 Paming; Ym‘hﬁﬁtmwm. ty to yav. K. ot 1
11
[ [ 3 yoR B TEY AttItude too wteep below R too N
Fially OGood. Bsall roll-off, sboya stall 0.K. tut worried abomt affects of decrensing
Powey in »
3 (353 L T u rw;—_’w_-ﬁﬁ-monm.
Btall: Gatisfsatory.
i) ] ] untary, nove. Ti0 Yigibility, Ab{lty o il g and seneuver markedly
Sall; Ot s 1 orar othar configmeation.
T oF 5 ] aqtary, Yar aod ooll k] T yav & s
nt 125,
Btall) Sakiefsctory. Mwwighh ahesd,
oontrollabls.
[ 9! tifantary. None 1% Topa-high atiitude.
I’h-:I‘.'I.I: mmmﬁw
K ofF 100 ] 140 on bape Procialty to yaw, Proximity Go STALL,
Sally Batisfaatory, 130 ovar fenoe
Reaowering: Mestigfactory, fus t0 |120 toushdown
altitede loss.
on L': I 1 e | Fosltive altitla control.
1ky »% 90, 105 miniwem
Btall: Merginal o final
¥ [ 4 ™0 7 Ossstimiactory, Arupt yav [L00 on Bisa | JdeqorEs mergin above yav,
b 1. 159 ovar fenos
Aally 0.K. ;ﬂ%ﬂm
1) -] Eﬁhz EEHEE. Nona . . vl powey
Btall . Ak, .
] [134 4 o . TS0 on Deaw Eﬁ%mmwﬂ?ﬂﬁ
Btall; Moderata left recll, 185 pyar Tanoe
. 180 tooohdown
[0 - . 13% on base | Debarioowiicn of Jataval comizol (wabla to oarreat for
Bially Abeupt rolleoff, Bt 118 over fenea| goats).
tolerahlse. 108 oo
" WWWL Proxinity to .
[ [0 commswit. cxini tall,
Oa Desmont? Vaduoticn In stalling apoed 1s o7 pelmary lwportanoe in redpeing . as5 In abtitadn in swcopdary.
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TABIE II.- STALL DATA - LANDING-APPROACH CONFIGURATION

T. Btendsrd P-86a-1; 38° f:l.up; Io. P-862-%; 5° snetion flap; C.L.E. plus fence II1. T-B86F; 30° rlap; enction leading =lge
alata Bootlon off “Fuction oo T Buctian off Fuctlon on
Ya, ) OpInion Vas Opdoion on \/T Opdnion Opinicn & cn | Opinioe L Opinion Upinion
Filot h(:o“)hl of of hEa;.‘.l of of ﬁl of -::1 of of 'h(l!’;l of of
3 siail 1 PRITY stell 1 waxHn 1 weming xtall) 1 waning stRll
A - Setia— batis- o [ Batia- w [ERCIE- — 111 [theatis- | Cetis- i) -
factary Tactory factory factary |fuctory W
B Vrrginal | —do.mm| 30 |Mequats | —de. - G300 |Maquats [--qo.——| 105 | -- o B (Tosatls- | —
fectory
[ — — — B — . 9| — TT [Fair ;:utg;, B0 - G-
? -— — — 9 -— —do, —--d od —- Baie-, 98-e -— Kogept- 92 |Home Aogept-
3 | ¥ -— 9% - e —mmad §5 |Nooe oy -— e — 5:1_:%;;7 -] - ;:&-
F 05 | Dymutti- Ta- B [Good —do.2o-—] B7-91 | Ioade- e poy— 6% — iia- ¥ [Waoe ——
clent 1_4 ate
@ 9 - oo tis~ o Fop—— - —Ae.— 105 — 505 |tas -
H Uood —— o7 |[-Ao.~-w= | »=d0.———] 9155 — -6, ——= g7 — mﬁ;’ 94 —— Acgeptable]
1 B [~Fo,—=—= [Good_ 100 [Good — Good —— - ——— Good TItile —-
. —— - — k] —_— - te e =118 — -— = Good
X o« —_— ?:E%, gk - fl::il::'y 00 | e gﬂiu- — Il [Setis- %EH;];, é Uneatig-~ |Satls-
aotory 'ac Tactory factory
L [] — . S 1 E.-.t-ih" 0.~ %0 5. = T [0, === [-dg.——— | %0 [--A0.~===- .
q = — atie- | 0305 | —A0. reurs] G003 | =-00.-—nu | -0, =n=] 99 |Reginal [~=do.=—x b5 nal ginal
N 96 | Unpatis- |oatis- U7 a8, —=~ [Geod a1 | ~-do.~—=|Good matig- | = ——re 88 |Uneatia- Do.
factory | fuotory factory factory
3 == o — % | . ey I I ~Hg. | 118 [Wons o % ¥rabTs |
F - —_— —_ 99 -— Eatls- Eid — Batin- -— - —— £l — -
: }_7 factory faotory
Average ok.& s~ |Satie- Of.1 [Marxinal |[Fatis- .0 |Perginal  [Satin- 106 atia- [Satis- U6 [Tosstla- [Mergioal
Pllot's factay | factary to fTactary | fartory factory | faotory fantary satis-
calibrated to to satis- ta to Tectory
r"tiu...—'?x? ol _food factory gool
stall spesd 8a.s — a—— 93.9 — — 92.9 —_r —— 107.2 —rtm —_— 8.0 —— -_—
VDI for
2 A

(3) Extrwpolaticn of the alrgpesd celibraticn curves of figure 5 has been requived for same of thess values.
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TABLE IIT.- APPROACH SPEEDS OR OVER-THE-FENCE SPEEDS CHOSEN IN INITTAL INVESTIGATION

Cedibratad epproash Ix Inots Tor each [LIct )
Configmraticn Guckion ¥ P £ D[ E ¥ 0] §] Y1 J X & ) ¥ 6] B | Aversge
[T, Btandard F-05A-1;
flap; Aleta — 1k | | -—| —] 18 | 1k | 1NB] 130 % m | M| 138 | 1k | 1 | e | -=w | 1978
T, F-0oA-5; O (I [ 5 | B4 us-| 0% [ E|[ 1% B Is s |05 Uo. |15 | 38| Lb.0
P5° motdion flapg 1Pl uo | 15
C.L.E. plus fonos [ o5 | 6 19 [T [ 10 | 5| WO L | 2 [ I8 105- | 99- | 110~ | 110 | 108 | 110.B
AT AL ol
Y T IE | E S T  E i ﬁrr'ﬁ-“ﬂ 1% T I
330 £1ap; wuction _%
Haading edge or |03 W7 17 [ 107 IO |57 [ 17 [ 207 | WF | 1% | 03 | 2T | 15 [ 05| 0.8
105
areass in approsch
apesd due to added — | ] =] =] w3 4] e]| B L] - 3] 3 b | e | — ] — 2.1
dsfleation -2 9 =1
) sppronch
due to aAdition — 0 T 1 o| .- b} & 5 11 6 T 8- 5 0 L] | 5.9
Fg flap B,L.C, 16 10
crennd In appromah -
dus to MAitie —— e9-| se| 0| | 18 - 12{ 10) 27| & e ] 2T 26 - 1 [ ok £0.8
laading-adgs B.L.C. 3 op 2 :
s in approash
Sue to lemding- | -— { G=| T|—|-=—] 00| T7{ 1] 23] B| = | W] 6 |1 | T |—|—] 9.3
B.L.0, comparsd 1
Axrd T-H6A-1
TAELE TIV.- PRIMARY REASONS FOR LIMITING AFPROACH SPEEDS
Tnitial Investigetion Tater e on
T, FB65; ° maticn I, ¥-06r; 1° flag; TW-TIL. P56l
T L’ﬁ.“"" Tlag; C.LN. plue fonoe metion laading edge | (g1 R )
[ Hwetion oif | Foetdon on Fumoﬂ' Tootlon oo ) Buction on ow ofF
B g Uy U, B, A 3, 5: [ y By 1, Bl
I EP LOLLE
rLLET G
O LN
X, P
¥ L e T
1 T ] 1 ]
CLENT n L | PR T 5 5, L
I T T *
¥ ¥
] L) 2 8
Y, X, L, N, § (] A (P 7 [+ LM LN
F T K, 0 K. 0 i) : LY
T
T, 1 i T ¥
Mmber ol pllota Iimlting
for altimdds or lengliue
dinal ecntrol abaraoter- 7 [ [ 4 ] &
latios
Tetaricration of Istaral contrel ]
Conosrn for pousibls loas of sotion ¥, J

F11ot d1d not cowpletaly wiall alvplanae.
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TABLE V,- COMPILATION OF CALIERATED LANDING-AFPROACH AIRSPEED DATA ON ALL CONFIGURATIONS FOR THE
PILOTS FLYING THE COMPLETE EVALUATTIONS

Initisl investigatiom

Later investigetion

| Coafiguretion | Tguration | Gonllgaration | Conllguration Configuration | Configuretion Configuretion
1. IT. nrT. IV. Y. vI. VII.
Pilot gtanderd air- [55° flap; C.L.E] Suction lesd- | 55° flapj C.L.E. | 55° flap; slatsl 5:° flep; 640 tlap; slate
plane lug fence ing edge no fence C.L.X. and fence
Buction SFuction Euction Suction Suction Buction
On Off on On Off" On Off On off On
K 118 115 108 129 107 110 101- 110 101= 110 102 105 100
105 103
T 18 15 109- | 129 | 12 1% 160 R 105 115 107
107
M Ok 105 | - | 129 103 105 99 165 - | 110- w- [ 105- 100
110 105 100 12 105 110
il 4 Lo~ | 110- 134 107 110- 105 107~ 102~ - 102 105 100-
115 115 115 108 10% 110 108
verage pllot's call-
ated aprroach speed, 116.0 112.% | 107.1| 130.2| W07.2] 10.6{ 103.T7 108,6 | w2.2| 111.2 103.2 |105.8 | 100.3
ots
varage decrepae in
oach speed due to
added flep deflectian, - 3.3 5.4 7. b8 9.2
ots
verege dscrease in
proach ed dua to
tion gesuctign . 5.ll- 23.0 6.9 6.0 8.0 5.5
,Li.C., ¥nota ) )
verage deqreege in
F;wml.ch apeed below -— 8.9 8.8 12.3 13.4 12.8 15.0
ptondard airplane, knots
atall speed
YoLpay T0¢ (H/B)y, Imot 3.5 93.9| 92.9| 107.2| 8.0 8.3| B2 g0.2 | 884 1.7 gk | 8.3| 87.3
atio of average
approach speed to meas- 1.31 1.20 1.15 1.@ 1.26 1.30 1.26 1.2 1.18 1.2 1.16 1.19 1.15
atall speed, knots
eass in spe=d for
thrust required —— 8.3 10.0 - 8.0 6.7 7.0

to puetiom B.L.C.,

{nots
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Figure 1.- Standard F-86A-1 airplane.
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Figure 2,- The F-36A-5 airplane equipped with a 550 suction flap,
fence,
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cambered leading edge plus
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Figure 3.- The F-86A-5 airplane equipped with 640 suction flap, cembered leeding edge plus fence,
(Diffuser, greded porous material, and other improvements added.)
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Figure .- The F-86F airplane equipped with a suction leading edge.
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NACA RM AS5K1h _ O
© Denotes low speed limit of pacing data
140
d
v
//
130
27
y/ Vg
7/
Sucti flap F-86A-5 // // '
uction - - y
120 _\> /’//
// /
V/ N

7/ N Standard F-86A-|
/N

R4

[
/(/ — Suction leading edge F-86F

Calibrated airspeed, knots

A

100 -~
//

/’(//

S0 100 1tO 120

indicated airspeed, knots

130

140

Figure 5.- Flight-determined airspeed calibration curves for the test

alrplanes.



26 B N NACA RM A55K1h

—~—O——Suction off, approach power, 55° flap, C.L.E.
plus fence

——{—— Suction on, approach power, 55° flap, C.L.E.
plus fence

— ——0——— Standard airplane, 38° flap
o ne Average approach speeds

Pitch up —"H e 3
£ \
.4 /__‘i
4 I
///
1.2 /
GL
1.0
.8
6
4
0 4 8 12 16 20 249

e, deg
(a) Suction-flasp airplane.

Figure 6.- Lift ccefficient versus angle of attack for the test alr-
planes with values corresponding to individual pilot's approach
speed shown. ’



NACA RM A55K1h

L o7
20 -O- Suction off, approach power, 38° flap
~=-O~-~- Suction on, approach power, 38° flap
- Suction on, wave-off power, 38° flap
on Average approach speeds
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(v) Suction leading-edge airplane.

Figure 6.- Concluded.



3200 - - ; :
55° plain flap, cambered leading edge plus fence; W/S=426 Ib/sqft
0 Average pilots approach speed ( 4 pilots, from table X)
o o DOt e e (16 pilots, from taple II)
e o Minimum thrust required y
£ 2800 —
-
®
2 Suction on — _~
S 2400 , Z
©
© \! e //
= — - .
g \\ ,.O’A'd/ /’/\—— Suction off
g 2000 <D____..-0"'
=
=
|-
1600
80 90 (0 - T~ 1o 120 130 140

Figure T.- Thrust required versus airspeed for the test alrplanes; flap and gear down; speed

Airspeed, knots

(a) Suetion-flap alrplane.

brakes out.
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Thrust required for level flight, |b

3200
38° flap, suction leading edge; W/S = 44.7 Ib/sq ft
————— Standard airplane, 38°; W/S = 42.3 Ib/sq ft
(o) Average pilots approach speed, (4 pilots from table X}
2800 o T (18 pilots from table IT)
o Minimum thrust required
-
2400 A\ -
\ _
- :
\ h - /L e
N \\ -— a8 . /
\.\ X_ ___o,d—"" Suction on }//
| s /
2000 ~_ (= i
/_’,Jqéc Suction off
1600
80 20 100 1o 120 130 140 150

Airspeed, knots
(b) Suction leading-edge alrplane,

Flgure T7.- Concluded.
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—O0—— Slatted leading edge
1.8 |-
—=—=-0O==-~— Cambered leading edge
pat
7
/
//’
1.6 7 7~
/ 71 N
/ /
=
f// // ‘
pe 2 I\
1.4 4 N\
Suction on \// /
L2 ’/(/
/ /&Suction off
o / /J}f
///// /
.8 // A
.6
4 8 e 16 20 24

& -
W ’ a, deg

(a). The 55° plain flap.
Figure 8.- Lift coefficlent versus angle of attack for the improved

suction-flap alrplane with several leading-edge configurations
with values corresponding to average pllots' approach speeds shown.

SNn



NACA RM AS5SKLY4 ‘i|||||||||p 31

~——O——— GCambered leading edge with fences
- = —f——— Slatted leading edge

1.6
‘//’--\\
1.4 7 —~
Suction on
\)/ )
.2 —/ /
}/J — Suction off
// 1
1.0 /{
) X
8 /
/V
.6
4 8 : 12 [6 20 24
jo— v a, deg

(b) The 64° plain flap.

Figure 8.- Concluded.



Thrust required for level flight, Ib

O Average pilots approdch speed

0 Minimum thrust required

2800

2400

Suction on—J

\
(>

_‘g===

uction off

R —— il

"

2000 Y \\ i
\\\h~

1600 .
80 90 100 1o 120 130

Airspeed, knots

(a) The 55° plain flasp, slatted leading edge.

140

150

Figure 9.~ Thrust required for level flight versus airspeed for the improved suction-flap
airplane with several lesding-edge configuraticns, flap end geer down, speed brakes out;

W/S = 42.6 pounds per square foot.
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Thrust required for level flight, Ib

O Average pilots approach speed A
O Minimum thrust required //
2800 — 7 A
Suction on //
d
2400 yd /<
\ ( // Suction off
)
e
2000 Saﬁﬂ"'_____,
1600
20 100 (o 120 130 140

Airspeed, knots
(b) The 64° plain flap, cambered leading edge with fence.

Figure 9,- Continued.
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3200
© Average pilots approach speed

2 O Minimum thrust required //
£ 2800
- Suction on —>// /
> - p
o - L~
8 2400 /,/
b \ / / N Suction off
g N _Ja/ //
§ 2000 P e O
=
[T

1600

80 90 100 lo] 120 130 140

Airspeed, knots

(¢) The 64° plain flap, slatted leading edge.

Figure 9.~ Concluded.
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O Standard airplane, 38° slotted flap, slatted leading edge
O Suction flap airplane, 55° plain flap, GL.E. plus fence, suction off

RPR VDD AXAODQ

Average pilots calibrated approach speed, V,, knots

DO m e ——__(suction on)
DO e o slatted leading edge, suction off
Do o e (suction on)
Do.— _ ____64° plain flap G.L.E. plus fence, suction off
DO, - e e —(suction on)
Do. - _ _______ . —__ slatted leading edge, suction off
bo. - _ . _ i __{suction on)
Suction leading edge airplane, 38¢° slotted flap, sucfion off
bo.w oo _ ______(suction on)
@® b Data from 16 pilots
130 —
120
O
110 L S %
A >
q, X
&
100
S0
90 100 [0 120 130 140

Speed for minimum thrust required, knots

Figure 10.- Pilota' approach speed versus speed for minlmm thrust

required (pilots K, L, M, N except as noted).
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